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(57) ABSTRACT 

A vehicle tracking system includes a sensor (e.g., a GPS 
sensor) and a vehicle control unit (VCU) attached to a 
vehicle. The sensor determines the vehicle's location based 
on positioning signals received from a plurality of satellites. 
The VCU compares the vehicle's location to a predefined 
schedule. The predefined schedule includes a plurality of 
entries where each entry corresponds to a location along the 
vehicle's route of travel. Furthermore, each entry includes a 
location value indicating the location that corresponds with 
the entry and a time value indicating when the vehicle 
should be at the location. The VCU determines whether the 
vehicle is on schedule or off schedule by comparing the 
current location of the vehicle (as determined by the sensor) 
and the amount of time elapsed since the start of the route 
with the entries in the predefined schedule. If the vehicle is 
off schedule, then the VCU transmits a status message to a 
remote location indicating how much the vehicle is off 
schedule. A computer at the remote location is aware of the 
predefined schedule and assumes that the vehicle is on 
schedule unless a status message is received from the VCU. 
If a status message is received, the computer at the remote 
location determines the current location of the vehicle based 
on the status message. 

34 Claims, 6 Drawing Sheets 
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APPARATUS AND METHOD FOR lar stops. The vehicle monitoring apparatus and method of 

MONITORING TRAVEL OF A MOBILE the present invention essentially track and report the status 

VEHICLE of a mobile vehicle as the vehicle travels. 

2. Related Art 

CLAIM OF PRIORITY AND CROSS 5 p or at [ east mc p Urp0 ses of allowing advance preparation 

REFERENCE TO RELATED APPLICATIONS anc j scheduling, it would be desirable to know, in advance 

This document claims priority to copending U.S. provi- and ™& substantial accuracy, the expected arrival time of a 

sional application entitled "APPARATUS AND METHOD moblle vehicle < for example but not limited to, a bus, truck, 

FOR MONITORING TRAVEL OF A MOBILE VEHICLE," 1ft trai0 » shl P> P lane > aircraft » etc ) at a particular location, such 

assigned Ser. No. 60/115,755, and filed on Jan. 13, 1999. 10 ™ a st0 P aloQ S a predefined route or a destination. 

Further, this document claims priority to and is a For example, consider a commercial bus station. Aperson 

continuation-in-part of copending U.S. patent application picking up a friend or relative at the commercial bus station 

entitled "SYSTEM AND METHOD FOR ACTIVATION usually calls the bus station to find out the approximate 

OF AN ADVANCE NOTIFICATION SYSTEM FOR arrival time (information which is oftentimes unavailable or 

MONITORING AND REPORTING STATUS OF 15 unreliable) and/or arrives at the bus station prior to the 

VEHICLE TRAVEL" assigned Ser. No. 09/163,588 and scheduled arrival time of the bus, hoping that the bus is not 

filed on Sep. 30, 1998, and U.S. patent application entitled significantly delayed. With knowledge of accurate arrival 

"ADVANCE NOTIFICATION SYSTEMS AND METH- information in advance, adjustments can be made to one's 

ODS UTILIZING A COMPUTER NETWORK,** assigned schedule to avoid having to wait extended periods for a 

Ser. No. 08/852,119, and filed on May 6, 1997. Application vehicle. 

Ser. No. 08/852,119 claims priority to (a)-(d) hereafter and Another example involves school children that ride school 

is a continuation-in-part of (b)-(d) hereafter: buses. The arrival times of school buses at scheduled stops 

(a) provisional application entitled, "ADVANCE NOTI- can be significantly affected by many factors, such as 
FICAnON SYSTEM AND METHOD UTILIZING A 2 5 mamtcnancc problems, rush hour traffic, congested urban/ 
COMPUTER NETWORK," filed Mar. 7, 1997 by M. suburban conditions, and adverse weather. As a result, 
K. Jones and assigned Ser. No. 60/039,925; s^ 1001 children typically wait at bus stops for long periods 

(b) nonprovisional application entitled, "ADVANCE of time > oftentimes in adveise weather conditions, on unlit 
NOTIFICATION SYSTEM AND METHOD UTILIZ- street comers, or m hazardous conditions near busy or 
ING PASSENGER-DEFINABLE NOTIFICATION 30 ^ lude ^ stree <f* a p dv u ance notification system that would 
TIME PERIOD," filed May 2, 1995 by M. K. Jones and form the students of the school bus s proximity would be 
assigned Ser No. 08/434,049, now U.S. Pat. No. 5,623, 50 f dents c f an ^oid having to wait for the 
260 to M. K. Jones that issued on Apr. 22, 1997; 5011001 bus at bus *** for extended Ume V* nods - 

/x -i i* j «AmMMPE Yet another example involves the commercial overnight 

(c) nonprovisional application entitled, ADVANCE , , . T v * i ji j 
NOTIFICATION SYSTEM AND METHOD UTILIZ- 35 P aoka f dehvery mdust^, whereu. packages axe delivered 
ING VEHICLE PROGRESS REPORT """J* **** °" a sc ^ edu,e ' ; CWwiwis oftentimes wait 
GENERATOR," filed May 2, 1995 by M. K. Jones and on ° f ""P 011 ^ t™<™* P acka g«. «* 
assigned Ser. No. 08/432,898, now US. Pat. No. 5,657, V«^f ***** dehvery will oca*. An advance notifi- 

010 to M. K. Jones that issued on Aug. 12, 1997; and cat . ,on 1 * a mfo .™ a cu f ?™ ° f * e P™™ 

^ 4Q amval tune of a dehvery vehicle would be desirable in order 

(d) nonprovisional application entitled, "ADVANCE to customer service and to allow the customer to 
NOTIFICATION SYSTEM AND METHOD UTIUZ- better a icku of a delivered item> 

ING PASSENGER CALLING REPORT r _i * 11 • . a * ki -a 

^T-xTrrr. a™™ » fii j w n nnc u v t a In °™x to alleviate the arrival time problem in the context 

GENERATOR fife I May£ 1995 by M^R Jones ™d rf tems hayc ^ 

assigned Ser. No. 08/432,666, now U.S. Pat. No. 5,668, , , , . . . . , r ^ . 

_.- £ ^\_ v _ .... « « 45 developed m the past that use a wireless transmitter on each 

543 to M. K. Jones that issued on Sep. 16, 1997: , \ t . , . . . , . . , . 

, , . y \ j /j\ if bus and a compatible wireless receiver inside each student 

where documents (b), (c), and (d) are each a continuation- hQme v § Pa * No 4 713 661 to ^ et al and u s . Pat. 

in -part of the application entitled "ADVANCE NOTIFICA- KT ' ,! rtn , n ' , I * . c ... ' 

^rr\vr cvctcu amt> ucTunninn i'ttvi^ a ruc-nxm No. 4,350,969 describe systems of this type. When the 

TION SYSTEM AND METHOD UTILIZING A DISTIN C- . , , ' . K «o^ t,,«™-«^r - tV ,- a 

m/c tci cDunur dtvp » m A XA on ioocu ka v school bus and its on-board transmitter come within a 

TIVE TELEPHONE RING, fikdMa r. 2a 1995 by^ M. K. of a ^ home ^ ^ 

Jones and ass^ned Ser No. 08/407^19, now abandoned, ^ a ^ ^ ^ (he ^ ^ bus k 

rinL U «AnvAM^ 0 KnTrrA^C^TTM neart> y- ™ sucb ^'i 011 s y stems work sa^tory 

Inn^ ,^ < ? 11 !? v ^ M under certain circumstances, nevertheless, these systems are 

V ^ p , J T s ™£n Kmited by the range of the transmitters and require the 

assigned Ser. No 08/063^533, now U^. Pat. No. 5 400^20 J f tf * j } f fa ^ 

to M. K. Joneset aL that issued on Mar. 21, 1995. All oft he P &(J such e ^ fle3dbiu fof 

foregoing apphcauons and patents are mcorporated herein ad(Jitional {Q me such as noti . 

by re erence. tying them of the delayed arrival of a bus or alternative bus 

BACKGROUND OF THE INVENTION route ^formation. 

60 Thus, a heretofore unaddressed need exists in the industry 

1. Field of the Invention f or better systems, apparatuses, and methods for accurately 

p The present invention generally relates to data tracking and/or reporting the status of mobile vehicles as the 

.1 communications, tracking, and messaging systems and, in vehicles travel. 

i particular, to a vehicle monitoring apparatus and method for .„ _ „ m ^ T 

use in connection with a tracktog system or an advance 65 SUMMARY OF THE INVENTION 

I notification system that both tracks vehicles and gives The present invention overcomes many inadequacies and 

advance notice of impending arrivals of vehicles at partial- deficiencies of the prior art, as discussed hereinbefore. In 
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general, the present invention provides an automated Other features and advantages of the present invention 

computer-based apparatus and method for efficiently rnoni- will become apparent to one skilled in the art upon exami- 

toring travel of a vehicle along a predetermined route. The nation of the following detailed description, when read in 

apparatus and method may be used in connection with, for conjunction with the accompanying drawings. It is intended 

example but not limited to, a tracking system or an advance 5 that all such features and advantages be included herein 

notification system. within the teachings of the present invention, as set forth 

In a broad sense, the automated computer-based apparatus herein and as sought to be protected by the claims, 
of the present invention includes a sensor, a storage device, 

a communications device, and a computer processor. The BRIEF DESCRIPTION OF THE DRAWINGS 

sensor, for example, a satellite receiver, determines a current 10 

location value indicating a current location of a mobile invention can be better understood with reference to 

vehicle. The storage device includes historical travel data me following drawings. The elements of the drawings are 

pertaining to the vehicle schedule along the route. The not necessarily to scale relative to each other, emphasis 

historical travel data comprises a plurality of predetermined mstead bein 8 P laced u P on clearl y illustrating the principles 

location values corresponding respectively with a plurality of me invention. Furthermore, like reference numerals des- 

of locations along a predetermined route of travel of the corresponding parts throughout the several views, 

mobile vehicle. The predetermined location values are FIG. 1 is a block diagram illustrating a vehicle tracking 

respectively associated with time values stored in the storage system employed within the context of an advance notifi- 

device. The processor uses one of the plurality of predeter- cation system in accordance with the preferred embodiment 

mined location values (along with its associated time value), 2Q of the present invention. 

a current time, and a current location value received from the FIG. 2 is a block diagram illustrating an implementation 

sensor to determine whether the vehicle is off schedule. If 0 f the vehicle control unit of FIG. 1 in accordance with the 

the vehicle is off schedule by at least a predefined amount, preferred embodiment of the present invention, 

the processor causes the communications device to transmit FIG. 3 is a block diagram illustrating a computer imple- 

a message to a remote computer, associated with a tracking M mcnting the of me vchiclc managcr of ma x 

system or an advance notification system, indicating [ that the m accordance ^ mc p rc f crre d embodiment of the present 

vehicle is off schedule by a specified time and/or distance. invention 

In the context of an advance notification system, the remote „ T _ n . * • i 

computer is thus enabled to change when a party is notified 9° 4 ,Jf » da^am iUustratmg a computer imple- 

r • j* -ir.u u-i mi • menting the functionality 01 the base station manager ol 

of an impending arrival of the vehicle, e.g., called via a an ? ' . & - 

telephone, based on the off schedule message Ttransmitted via 30 nG 1 10 ™ th thc P rcferred embodiment of the 

the communications device on the vehicle. presen inven on. 

In accordance with another feature of the present FIG. 5 is a flow chart illustrating the architecture 

invention, the processor on the vehicle may be configured as functionality, and operation of the vehicle control unit of 

an expert system. In this regard, it may be configured to 3S ^J^f^r 1^ ^ * ^ ****** 

create and maintain a vehicle schedule, or historical data, schedule of FIG. 3. 

on-board for the vehicle by (1) periodically determining FIG. 6 is a flow chart illustrating the architecture, 

locations of the mobile vehicle, (2) storing a location value functionality, and operation of the vehicle control unit of 

in the storage device for each of the locations, (3) deter- FIG- 2 while the vehicle control unit is tracking the vehicle 

mining a time value for each location, and (4) storing the ^ of FIG. 1. 

time values in the storage device. Using the foregoing nPTATT Pn HPSPRTPTIOM OF THF 

historical data, the vehicle apparatus can determine whether DETAILED DE^J^ON OF THE 
it is on or off schedule by comparing a current location and 

time with one or more historic locations and times. FIG. 1 depicts an automated vehicle tracking system 10 

In accordance with another feature of the present 45 Hlustratmg the principles of the present invention. As shown 

invention, the processor may be configured to monitor the by FIG. 1, the vehicle tracking system 10 is preferably 

deviation of the mobile vehicle from a predefined route and employed within the context of an automated advance 

to transmit an alarm message to a remote computer when the notification system 12 that automatically provides advance 

processor determines that the vehicle has deviated from the notice of impending arrivals of vehicles at destinations or 

predefined route by a predefined amount (distance, time, 50 other locations. However, it is possible to utilize the vehicle 

etc.). tracking system 10 independent of the notification system 12 

In accordance with another feature of the present in applications where the transmission of a notification 

invention, the communications device associated with the message (which will be described in further detail 

apparatus on the vehicle may be configured to selectively hereinafter) is not desired. 

communicate data to a remote computer via either the voice 55 As depicted in FIG. 1, a vehicle control unit (VCU) 15 is 

channel and/or a control channel of a cellular network. In disposed on a mobile vehicle 17, which is capable of 

communicating over the control channel, the communica- transporting the VCU 15 over various distances. For 

tions device can alter a mobile identification number (MIN) example, vehicle 17 can be any movable object or thing, 

or an electronic serial number (ESN) to transfer data, or the including but not limited to, an automobile, an airplane, a 

communications device can append data to the end of a 60 train, a boat, a human being, an animal, or any other thing 

feature request Use of the control channel can significantly capable of moving across or through the Earth's surface 

reduce costs. and/or atmosphere. 

It should be emphasized that the features of the present In the preferred embodiment, the vehicle 17 is a delivery 

invention can be employed for tracking and reporting on the vehicle for delivering items to a destination or for picking up 

status of virtually any type of mobile vehicle, or mobile 65 items at a destination. Please note that items can include 

object, including but not limited to, a bus, truck, train, ship, many various types of packages or goods to be delivered or 

plane, aircraft, human being, animal, etc. picked up. Furthermore, items can also include persons to be 
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picked up or delivered, such as when a bus picks up and/or electromagnetic, infrared, or semiconductor system, 
delivers passengers at different bus stops. Preferably, the apparatus, device, or propagation medium. More specific 
vehicle 17 travels along a predetermined route in making its examples (a nonexhaustive list) of the computer-readable 
deliveries, and the vehicle 17 may make numerous stops medium would include the following: an electrical connec- 
along its route in order to deliver or pick up different items 5 tion (electronic) having one or more wires, a portable 
at different locations. computer diskette (magnetic), a random access memory 
Vehicle Control Unit (RAM) (magnetic), a read-only memory (ROM) (magnetic), 
A more detailed view of the VCU 15 is depicted in FIG. an erasable programmable read-only memory (EPROM or 
2. Asensor 18 within VCU 15 is configured to determine the Flash memory) (magnetic), an optical fiber (optical), and a 
location of the sensor 18 relative to a predetermined refer- 10 portable compact disc read-only memory (CDROM) 
ence point. In the preferred embodiment, sensor 18 is a (optical). Note that the computer-readable medium could 
global positioning system (GPS) sensor, although other even be paper or another suitable medium upon which the 
types of positioning systems and/or sensors are also pos- program is printed, as the program can be electronically 
sible. For example, other types of sensors 18 that may be captured, via for instance optical scanning of the paper or 
used to implement the principles of the present invention 15 other medium, then compiled, interpreted or otherwise pro- 
include, but are not limited to, sensors 18 associated with cessed in a suitable manner if necessary, and then stored in 
GLONASS, LORAN, Shoran, Decca, or TACAN. The GPS a computer memory. As an example, the vehicle manager 29 
sensor 18 of the preferred embodiment is configured to may be magnetically stored and transported on a conven- 
receive signals 21a-21c from a plurality of GPS satellites tional portable computer diskette. 

23, and as known in the art, sensor 18 is designed to analyze 20 The preferred embodiment of the computer system 31a of 

signals 21o-21c in order to determine the sensor's location FIG. 3 comprises one or more conventional processing 

or coordinate values relative to a predetermined reference elements 32a, such as a digital signal processor (DSP), that 

point. For example, in the preferred embodiment where communicate to and drive the other elements within the 

sensor 18 is a GPS sensor, the sensor 18 determines the system 31a via a local interface 33a, which can include one 

sensor's location values relative to the Earth's zero degree 25 or more buses. Furthermore, an input device 34a, for 

latitude and zero degree longitude reference point, which is example, a keyboard or a mouse, can be used to input data 

located at the intersection of the Equator and the Prime from a user of the system 31a, and screen display 35a or a 

Meridian. U.S. Pat. No. 5,781,156 entitled "GPS Receiver printer 36a can be used to output data to the user. A disk 

and Method for Processing GPS Signals" and filed on Apr. storage mechanism 37a can be connected to the local 

23, 1997 by Krasner, which is incorporated herein by 30 interface 33a to transfer data to and from a nonvolatile disk 

reference, discusses the processing of GPS signals 21o-21c (e.g., magnetic, optical, etc.). It should be noted that input 

received from GPS satellites 23 in order to determine the device 34a, display 35a, printer 36a, and disk 37a are 

sensor's location values. Since the sensor 18 is located optional and are not a part of the preferred embodiment, 

within VCU 15, the location values determined by the sensor although other embodiments may include these features. \ 

18 are assumed to match the location values of the vehicle 35 The vehicle manager 29 is preferably configured to main- 

17 and the VCU 15. tain a predefined schedule 39a, referred to herein as the 

It should be noted that the term "location value" shall be "vehicle schedule 39a," within memory 30a. The predefined 

defined herein to mean any value or set of values that may vehicle schedule 39a corresponds with a route of travel for 

be used to determine a location of a point on the Earth or the vehicle 17. In this regard, the predefined vehicle sched- 

within the Earth's atmosphere. This value may be a coor- 40 ule 39a stored in memory 30a includes data defining loca- 

dinate value (i.e., grid value), polar value, vector value, or tions along the vehicle's intended route of travel, 

any other type of value or values known in the art for Furthermore, each location is associated with a particular 

indicating locations of points. time value indicating when the vehicle 17 is expected to 

Sensor 18 is designed to transmit a signal 27 to vehicle reach the associated location. Each time value along with its 

manager 29 indicating the vehicle's current location values. 45 associated location defmes an entry in the vehicle schedule 

k.Vfehicle manager 29 is configured to receive signal 27 and to 39a. ? 

monitor the location of the vehicle 17 over time by process- In the preferred embodiment, the time value corresponds/ 

I ing multiple signals 27. The vehicle manager 29 can be to the estimated amount of time that should lapse between 

implemented in software, hardware, or a combination the time that the vehicle 17 starts its intended route and thel 

thereof. In the preferred embodiment, as illustrated by way 50 time that the vehicle 17 reaches the associated location along! 

of example in FIG. 3, the vehicle manager 29 of the present the route. However, other time values may be used without * 

invention along with its associated methodology is imple- departing from the principles of the present invention. For 

mented in software and stored in computer memory 30a of example, the time of day that the vehicle 17 is expected 

a computer system 31a reach the associated location may be used. Any time value 

Note that the vehicle manager 29 can be stored and 55 that indicates when the vehicle 17 is expected to reach the 

transported on any computer-readable medium for use by or associated location is sufficient for the purposes of the 

in connection with an instruction execution system, present invention. However, for illustrative purposes, the 

apparatus, or device, such as a computer-based system, present invention will be discussed hereinafter assuming that 

processor-containing system, or other system that can fetch the time values in the entries of the vehicle schedule 39a 

the instructions from the instruction execution system, 60 conform to the preferred embodiment (i.e., that the time 

apparatus, or device and execute the instructions. In the values represent the amount of time that should lapse 

context of this document, a "computer-readable medium" between the time that the vehicle 17 starts its intended route 

can be any means that can contain, store, communicate, and the time that the vehicle 17 reaches the associated 

propagate, or transport the program for use by or in con- location along the route). 

nection with the instruction execution system, apparatus, or 65 The vehicle manager 29 is configured to monitor the 

device. Hie computer readable medium can be, for example amount of time that lapses as the vehicle 17 travels along the 

but not limited to, an electronic, magnetic, optical, vehicle's route. For example, the computer system 31a can 



to 
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V include a clock 38a that indicates the time of day. In this la this situation, the vehicle manager 29 compares the( 

situation, the vehicle manager 29 is configured to store the current location values from sensor 18 with the location 

time value of the clock 58a when the vehicle 17 begins the values associated with the corresponding entry of the vehicle 

route. Therefore, the vehicle manager 29 can determine the schedule 39a in order to determine whether or not the 

amount of time that has lapsed since the start of the route by 5 vehicle 17 is on schedule. If the location values differ by 

comparing the current time value of the clock 38a versus the morc man a predefined threshold value, then the vehicle 17 

stored time value for the start of the route. Alternatively, the ^ off schedule. Otherwise, the vehicle is on schedule, 

clock 38a can be designed as a counter that begins timingor Furthermore , tf tbe actll al location of the vehicle 17 (as 

counting in response to a start sipal transmitted by the defined b me location yalues from smjOT 18) ^ 

vehicle manager 29. Therefore, the vehicle manager 29 m ^ ^ of ^ ^ ^ 

transmits the start signal when me vehicle 17 starts the route, . t , . ,. , , - , « it _ , 

, and thereafter, the vehicle manager 29 can determine the ™ h me corresponding entry (as defined by the ocaUon 

V amount of time that has lapsed since the start of the route by values in the corresponding entry), then the vehicle 17 is 

\ analyzing the value of the clock 38a. Other devices and/or earlv - If me locatlon associated with the corresponding entry 

methodologies may be employed to determine the amount of (** defined ^ me Nation values in the corresponding 

/ time that has lapsed since the start of tbe route without 1S cntrv ) 1S farther along the route of travel than the actual 

/ departing from the principles of the present invention. location of the vehicle 17 (as defined by the current location 

As the vehicle 17 travels along the predetermined route of values from sensor 18), then the vehicle 17 is late, 

travel, the vehicle manager 29 is configured to determine the In response to a determination by the vehicle manager 29 

vehicle's current position by analyzing the location values that the vehicle 17 is off schedule, the vehicle manager 29 

from the sensor 18. Furthermore, as the vehicle 17 travels, 20 is designed to transmit a status message to Base Station 

the vehicle 17 passes the points or locations along the route Control Unit (BSCU) 40 (FIG. 1), which is remotely located 

that are defined in the vehicle schedule 39a. The vehicle from the vehicle 17. The status message preferably indicates 

manager 29 is designed to compare the current location that vehicle 17 is off schedule and indicates the amount that 

jyalues of the vehicle 17 (i.e., of the sensor 18) with the vehicle 17 is off schedule. Co-pending U.S. patent applica- 

location values defined by the vehicle schedule 39a in order 25 non entitled "System and Method for Enciphering and 

to determine which entry in the vehicle schedule 39a cor- Communicating Vehicle Tracking Information" filed by 

fresrwndswithtte^ Jones> cl aL on ^ ^ mSf and ^ ^ ^ No 

preferred emDomment, the entry that corresponds with the 0 9/163,606, which is incorporated herein by reference, 

current location of the vehicle 17 k the entry havmg locat.on describes ^ fof m s t0 

values most closely matching the location values currently ^ Q ^qjj 49 & & 

supplied by the sensor 18. In other words, the corresponding „ . '. . _ __ 

entry includes location values representing the location that Tr ^ m f ^ n of / S * tus u 

is closest to the location of the vehicle 17. This entry will be J BSCl f 40 Preferably includes a base station manager 41 

referred to hereinafter as the "corresponding entry." designed to monitor the travel of each vehicle 17 associated 

After detennining which entry corresponds with the cur- ^ h tbe svstein 10 ^ base ^ iioa manager 41 can be 

rent location of the vehicle 17, the vehicle manager 29 is 35 implemented in software, hardware, or a combination 

f designed to determine whether the vehicle 17 is off schedule thereof. In the preferred embodiment, as illustrated by way 

or on schedule. The vehicle 17 is off schedule if the amount of example in FIG. 4, the base station manager 41 of the 

\] of time that has lapsed since the start of the route differs from present invention along with its associated methodology is 

an estimated lapsed time by a predetermined amount of time. implemented in software and stored in computer memory 

In the preferred embodiment, the estimated lapsed time is 40 306 of a computer system 316. The computer system 316 

represented by the time value in the corresponding entry of can be similar to computer system 31a, as can be seen by 

the vehicle schedule 39a. As an example, assume for illus- comparing FIG. 3 to FIG. 4. In this regard, the computer 

trative purposes only that the predetermined amount of time system 316 may include memory 306 for storing the base 

is five minutes. If the vehicle manager 29 determines that the station manager 41, and the computer system 316 may also 

difference between the actual lapsed time since the start of 45 include processing element 326, local interface 336, input 

the trip and the estimated lapsed time (Le., the time value in 346, display 356, printer 366, and storage disk 376. It may 

the corresponding entry) is greater than five minutes, then also be desirable for computer system 316 to include a 

the vehicle 17 is off schedule. Otherwise the vehicle 17 is on network interface 42 that allows the system 316 to exchange 

schedule. data with a network 43. It should be noted that input device 

Furthermore, if the vehicle 17 is off schedule, then the 50 346, display 356, printer 366, disk 376, network interface 

vehicle manager 29 is also designed to determine whether 42, and network 43 are optional. 

the vehicle 17 is early or late. If the actual time lapsed since In order to transmit the status message to the BSCU 40, 

the start of the trip is greater than the estimated lapsed time, the vehicle manager 29 is configured to transmit the status 

(then the vehicle 17 is late. If the actual time lapsed since the message, via signal 43 (FIG. 2), to a communications device 
start of the trip is less than the estimated lapsed time, then 55 44, which is capable of transmitting and receiving data to 
the vehicle 17 is early. and from devices outside of vehicle 17. In this regard), 
Alternatively, the vehicle manager 29 can be configured to communications device 44 is preferably a cellular modem 
select the corresponding entry in the predefined schedule configured to transmit and receive wireless signals to and 
39a via comparison of time values instead of location from a cellular network 48 (FIG. 1). 
values. In this regard, tbe vehicle manager 29 can be 60 The communications device 44 can transmit the status 
configured to compare the current time value indicated by message over the voice channels associated with the cellular 
the clock 38a (e.g., the lapsed time since the start of the network 48, as is done by most cellular modems of the prior 
route) with the time values in the entries of the vehicle art However, in order to reduce the cost associated with 
schedule 39a. The corresponding entry is then the entry in transmitting the travel data through the cellular network 48, 
vehicle schedule 39a having the estimated time value that 65 the status message may be communicated through the eel- 
differs the least with the actual time vahie indicated by clock hilar network 48 via a data or control channel. In this regard, 
38a. the status message can be encoded by altering identifiers of 
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the communications device 44, such as the mobile identifi- designed as a PSTN modem capable of communicating 

cation number (MIN) or electronic serial number (ESN), signals 65 between base station manager 41 and PSTN 

transmitted over a data channel of the cellular network 48. network 55. 

Alternatively, the status message can be appended to a Although the preferred embodiment utilizes a cellular 

feature request transmitted over the data channel. U.S. Pat. 5 network 48 and a PSTN network 55 to communicate travel 

No. 5,771,445 entitled "Data Messaging in a Communica- data to base station manager 41, one ordinarily skilled in the 

tions Network using a Feature Request," filed on Dec. 15, art should realize that other configurations are possible. For 

1995, by Kennedy, III, et al., and U.S. Pat. No. 5,546,444 example, communications device 52 can be configured as a 

entitled "Methods and Apparatus for Communicating Data cellular modem capable of communicating signals directly 

Via a Cellular Network Control Channel** filed on Mar. 11, to with cellular network 48. Alternatively, utilization of com- 

1994, by Roach, Jr., et al., which are both incorporated munication networks 48 and 55 can be completely circum- 

herein by reference, discuss the transmission of travel data vented by configuring the communications device 44 to 

over a data or control channel associated with the cellular communicate directly with communications device 52, for 

network 48 in further detail. example. Any embodiment capable of communicating data 

In order to transmit the status message through a data is between vehicle manager 29 and base station manager 41 

| channel by manipulating identifiers of the communications should be suitable for implementing the principles of the 

device 44, the MIN of the communications device 44 is present invention. 

altered to include the status message, but the ESN remains It should be noted that by transmitting a status message 
fixed to be used as an identifier of the communications only when the vehicle 17 is off schedule reduces the cost of 
device 44, Therefore, after transmitting the identifiers 20 operating the system 10. In this regard, communication 
through the data channel, the communications device 44 can through a cellular network 48 is relatively expensive, and the 
be identified by the ESN, and the status message can be cost is based on the amount of data transmitted. By refrain- 
determined from the MIN. Alternatively, the ESN of com- ing from transmitting any data from the vehicle manager 29 
munications device 44 can be altered while the MIN is kept to the base station manager 41 when the vehicle 17 is on 
constant. It should be understood that the invention contem- 25 schedule, the amount of data transmitted through the cellular 
plates modification of the MIN, ESN, both the MIN and network 48 is reduced, thereby reducing the communication 
ESN, or other identifiers of the communications device 44 to cost associated with the system 10. Therefore, the present 
accomplish the dual task of transmitting status messages and invention's methodology of assuming the vehicle 17 is on 
identifying the communications device 44. schedule and of only transmitting data to the base station 
Alternatively or in combination with the manipulation of 30 manager 41 when the vehicle 17 is off schedule enables the 
the identifiers of the communications device 44, the status system 10 to minimize costs, 
message can be communicated through the data channel by Base Station Manager 

appending the status message to feature requests that are Base station manager 41 is designed to monitor the travel 

transmitted through the data channel. In this regard, most of the vehicle 17 and (when employed in the context of 

feature requests are generated by automatically or manually 35 advance notification system 12) is also designed to transmit 

dialing the star key ("*") followed by a two-digit feature a notification message to a user when the vehicle 17 is a 

request identification code, and 29 digits of data. Therefore, predetennined proximity from a particular vehicle destina- 

for each feature request generated, 29 digits of data pertain- tion or other location. Toe predetermined proximity can be 

ing to the status message can be appended to the two-digit a particular time or distance that the vehicle 17 is from the 

feature request identification code and sent over the data 40 destination. If the vehicle 17 is off schedule, then the base 

channel of the cellular network 48. Other embodiments may station manager 41 is further configured to transmit a 

transmit different amounts of data following the feature message to the user indicating that the vehicle 17 is off 

request By utilizing the manipulation of identifiers or the schedule. 

appendage of travel data to feature requests, less data is The base station manager 41 of tracking system 10 is 

transmitted through the voice channels of the cellular net- 45 designed to determine the current location of the vehicle 17 

work 48, thereby reducing the cost of transmitting data and to compare the current location of the vehicle 17 to a 

through the cellular network 48. predefined location along the route of travel of the vehicle 17 

In order for successful communication to exist between in order to determine whether notification should be sent to 

vehicle manager 29 and base station manager 41, both the user. In this regard, like the vehicle manager 29, the base 

managers 29 and 41 should be aware of the communication 50 station manager 41 includes a predefined schedule 396, 

protocol utilized. Therefore, it is desirable for the base referred herein as the "base station schedule 396/' i° 

station manager 41 or the vehicle manager 29 to initially memory 306. Furthermore, similar to the computer system 

transmit an instruction via the data channel of the cellular 31a (FIG. 3), the computer system 316 (FIG. 4) includes a 

network 48 to the other manager 29 or 41 indicating the clock 39b or other type of counter that can be used to 

protocol to be utilized. Thereafter, the vehicle manager 29 55 determine the amount of time that has lapsed since the „ 

transmits messages to the base station manager 41 via the vehicle 17 started traveling along the vehicle's route. When 

selected protocol. the vehicle 17 begins the route, the vehicle manager 29 

Cellular network 48 is designed to transmit the status preferably transmits a message to the base station manager 

message to a communications device 52 (FIG. 1) at the 41 via communication devices 44 and 52 indicating that 

BSCU 40. Although not necessary for implementation of the 60 travel on the route is beginning. In response, the base station 

present invention, cellular network 48 is preferably designed manager 41, like the vehicle manager 29, begins monitoring 

to transmit to the communications device 52 via a public the amount of time lapsed since the start of the route, 

switched telephone network (PSTN) 55. In this regard, In the preferred embodiment, the base station schedule 

PSTN 55 establishes a link between communications device 396 stored in memory 306 matches the vehicle schedule 39a 

52 and cellular network 48, whereby cellular network 48 and 65 stored in memory 30a, although variations in the two 

communications device 52 can communicate via signals 61 predefined schedules 39a and 396 are possible. Furthermore, 

and 65. Therefore, communications device 52 is preferably the base station manager 41 is configured to retrieve an 



01/08/2004, EAST Version: 1.4.1 



US 6,3' 

11 

Wry, the "corresponding entry/' in the base station schedule 
f9b corresponding with the amount of time lapsed since the 
vehicle 17 began travelling its route. In this regard, the base 
station manager 41 compares the amount of time that has 
lapsed since the vehicle 17 began its route (as determined 
from the clock 386 at the BSCU 40) with the time values in 
the base station schedule 39b. The corresponding entry in 
the base station schedule 39b is the entry having the time 
value differing the least with the value indicated by the clock 
386 (i.e., the time value indicating the amount of time that 
has lapsed since the vehicle 17 began its route). 

The base station manager 41 assumes that the vehicle 17 
is on schedule, unless the base station manager 41 has 
received a recent status message from the vehicle manager 
29. As used herein, a "recent status message" is the most 
recent status message that has been received by the base 
station manager 41 within a predetermined time. For 
example, a recent status message could be the latest status 
message received within the last five minutes or some other 
suitable time frame. Therefore, if the base station manager 
41 has not received a recent status message from the vehicle 
manager 29, then the base station manager 41 assumes that 
the location values in the corresponding entry of the pre- 
defined base station schedule 39f> indicate the current loca- 
tion of the vehicle 17. 

Recalling that base station manager 41 (when employed 
within the context of notification system 12) is to transmit a 
notification message when the vehicle 17 is a predetermined 
proximity from a particular location (e.g., a vehicle stop), 
the base station manager 41 then compares the location 
values in the corresponding entry (which represents the 
current location of the vehicle 17) with location values 
defining the predetermined proximity. If the location values 
from the corresponding entry differ from the location values 
of the predetermined proximity by less than a predetermined 
amount, then the base station manager 41 transmits a noti- 
fication message to the user. Otherwise no notification 
message is transmitted to the user. 

Alternatively, the base station manager 41 can be config- 
ured to compare time values instead of location values in 
order to determine whether a notification message should be 
transmitted to the user. In this regard, the base station 
manager 41 is designed to compare the time value in the 
corresponding entry with a predetermined threshold value 
indicating the amount of time that should lapse between the 
vehicle 17 starting its route and arriving at a location 
associated with the predetermined proximity (e.g., a thresh- 
old vahic indicating how long the vehicle should travel 
along its route before notification should be sent to the user). 
' If the threshold value in the corresponding entry exceeds the 
predetermined time value, then the base station 41 transmits 
a notification message to the user. 

If the base station manager 41 of tracking system 10 has 
received a recent status message from the vehicle manager 
29, then the base station manager 41 determines the actual 
location values of the vehicle 17 based on the location values 
in the corresponding entry and the recent status message. In 
this regard, the location values in the corresponding entry 
represent the estimated location of the vehicle 17. The status 
message indicates how much the vehicle 17 is off schedule 
(i.e., how far the vehicle 17 is from the estimated location). 
For example, the status message can indicate that the vehicle 
is five miles off schedule. Therefore, the base station man- 
ager 41 is designed to calculate new location values based on 
the estimated location and the status message. These new 
location values represent the actual location of the vehicle 
17. Therefore, by substituting the new location values for the 
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values in the corresponding entry, the base station manager 
41 can determine whether a notification message should be 
sent to the user according to the methodology described 
hereinabove. 

5 Furthermore, instead of indicating how far the vehicle is 
from the estimated location via location values, the status 
message can indicate how far the vehicle 17 is from the 
estimated location via a time value (e.g., the status message 
can indicate that the vehicle 17 is ten minutes late). In this 

10 case, the base station manager 41 is designed to adjust the 
time value in the corresponding entry to account for the 
vehicle 17 being off schedule. For example, if the vehicle 17 
is early, then the time value in the corresponding entry is 
increased a corresponding amount, and if the vehicle 17 is 

15 late, then the time value in the corresponding entry is 
decreased a corresponding amount. This adjusted time value 
is then compared with the predetermined threshold value 
described hereinabove in order to determine whether noti- 
fication should be sent. If the adjusted time exceeds the 

20 predetermined time value, then the base station 41 transmits 
a notification message to the user. 

In an alternative embodiment, the location values trans- 
mitted in the status message can represent the actual location 
of the vehicle 17 instead of representing how far the vehicle 

25 17 is off schedule. In this embodiment, the base station 
manager 41 can be designed to directly compare these 
location values with the location values defining the prede- 
termined proximity in order to deterrnine whether notifica- 
tion should be sent to the user. Accordingly, if these location 

30 values differ from the location values defining the predeter- 
mined proximity by less than a predetermined amount, then 
the base station manager 41 transmits a notification message 
to the user. Otherwise, no notification message is sent to the 
user. 

35 Transmission of a Notification Message 

Once the base station manager 41 of systems 10 and 12 
determines that a notification message should be sent to a 
user, the base station manager 41 is designed to communi- 
cate a message to the user via PSTN network 55 and 

40 communications devices 72 and 73 (FIG. 1). In this regard, 
communications devices 72 and 73 are preferably PSTN 
modems capable of interfacing with and communicating 
with PSTN network 55. Base station manager 41 is designed 
to transmit the message as signal 70 to user communications 

45 device 72, which communicates the message with PTSN 
network 55 via signal 74. PTSN network 55 then commu- 
nicates the message to communications device 73, which is 
preferably configured to communicate the message to a 
message device 75. Message device 75 is configured to 

50 notify the user of the impending arrival of the vehicle 17 at 
one of the vehicle stops. Preferably, message device 75 is a 
computer capable of displaying the notification through 
e-mail or some other communications software. 
Alternatively, message device 75 can be a telephone, a pager 

55 or any other device capable of notifying the user 
Furthermore, a plurality of communications devices 72 
preferably exist so that the base station manager 41 can 
simultaneously notify a plurality of users or parties of the 
impending arrival of the vehicle 17 at the vehicle stop. 

60 Although the preferred embodiment utilizes a PSTN 
network 55 to communicate a notification message to mes- 
sage device 75, one ordinarily skilled in the art should 
realize that other configurations are possible. For example, 
other communication networks can be utilized or utilization 

65 of communication networks can be completely circum- 
vented by configuring communications device 72 to com- 
municate directly with communications device 73. Any 
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embodiment capable of communicating data between base vehicle 17 (as determined by the sensor 18) to produce a 

station manager 41 and message device 75 should be suit- deviation indicator Therefore, the deviation indicator indi- 

able for implementing the principles of the present inven- cates how far the vehicle 17 has deviated from the route 

ti on defined by the vehicle schedule 39a. 

Creation of the \fehicle and Base Station Schedules 5 The vehicle manager 29 is then designed to compare the 

It should be noted that the predefined vehicle schedule deviation indicator to an alarm threshold value to determine 

39a and the predefined base station schedule 39b can be whcther an alarm signal should be transmitted to the base 

determined or defined by a variety of methodologies. For staUon manager 41 The ; alarm threshold value corresponds 

ov , t . ^x,,^ *xq„ Qtv1 int ^ari with the distance that the vehicle 17 can deviate from the 

example the predetermined schedules 39 a ^bcan be vehide schedule 39a bcfore m is gener- 

estiin^ated based on various factors, such as the types of 10 ^ tf ^ cxcccds fe alarm 

speeds hkely to be traveled by the vehicle 17 and Ae types mreshold vahie> the vehicle manager 29 transmits an alarm 

of traffic conditions expected to be encountered during meS sage to the base station manager 41 via communications 

travel. However, in the preferred embodiment, the pre- devices 44 and 52. Preferably the alarm message includes 

defined schedules 39a and 39b are defined via a previous mc current location values produced by the sensor 18 so that 

delivery of the vehicle 17 along the same route of travel. 15 me travel of the vehicle 17 can be tracked by the base station 

In this regard, delivery vehicles 17 frequently travel the manager 41. 

same routes. This is especially true for buses, for example, Providing an alarm message, as described hereinabove, 

where a bus routinely travels the same route and makes the helps to discover when a vehicle 17 has been stolen or 

same stops. As the vehicle 17 is traveling the route, the hijacked and helps law enforcement agencies to recover the 

vehicle manager 29 is configured to periodically read the 20 vehicle 17 by tracking the travel of the vehicle 17 once the 

sensor 18 and to store an entry in memory 30a. The entry vehicle 17 has been stolen. In this regard, the vehicle 

preferably includes the current location values of the vehicle manager 29 automatically generates an alarm message and 

17 indicated by sensor 18 and the time value indicated by monitors travel of the vehicle 17 once the vehicle 17 

clock 3Sa (i.e., the time vahie indicating the amount of time deviates from the vehicle schedule 39a by a predetermined 

that has lapsed since the start of the travel on the route). 25 amount. The alarm message can be used by law enforcement 

Therefore, when the vehicle 17 reaches the end of the route, a S endt ? to drover when the vehicle 17 has been stolen and 

the vehicle manager 29 has stored numerous entries which wherc vcmc e 17 15 loca £ d ' Jl*"* bwcatec*- 

define the predefined vehicle schedule 39a, This predefined ™^ ncies t0 rCC0Ver ^ Vehlck 17 ° DCe * h&S **** 

^S^^^f^^^^^^jf^ S tbe deviation mdicator b relative to 

39b. Other memodologies may be employed tc ►define ^the 30 ^ ^ ^ vchidc , s routc of m darm m bc 

vehicle schedule 39a and/or the base station schedule 39b. generated when the vMclc 17 deviates from me route b y a 

FIG. 5 is a flow chart depicting the operation and func- relatively small amount. For example, the vehicle manager 

tionality of the vehicle manager 29 in embodiments where 2 9 can be configured to transmit an alarm signal when the 

the vehicle manager 29 determines the vehicle schedule 39a vehicle 17 deviates from its predefined route by approxi- 

while traveling along the route of travel. As shown by blocks 35 ma tely 20 feet. Other distances, both less than and greater 

76 and 77, the vehicle manager 29 determines whether a than 20 feet, may be used to trigger an alarm signal. 

sample period has expired while the vehicle is traveling on However, it is generally desirable that a certain amount of 

the route (i.e., before the vehicle 17 has finished the route). deviation (depending on the expected driving conditions and 

The sample period is a predetermined amount of time that the precision of sensor 18) be allowed so that the vehicle 17 

lapses between samples, which will be discussed in more 40 can reasonably maneuver through traffic without generating 

detail hereinbelow. Preferably, the vehicle clock 38a inch- false alarms. 

cates whether the sample period has expired. For example, In addition, the alarm threshold value is selectable in the 

when the clock 38a is a counter, the sample period can be preferred embodiment. This value can be entered into the 

defined as a predetermined number of counts by the clock computer system 31a by a human operator at the vehicle 17 

38a. Therefore, the vehicle manger 29 can determine 45 via input device 34a, for example. Alternatively, this value 

whether the sample period has expired by counting the can be communicated from the base station manager 41 to 

number of increments or cycles of the clock 38a. the vehicle manager 29 via communications devices 44 and 

» rj When the vehicle manager 29 determines that the sample 52 at or around the start of the route. The alarm threshold 

{ ' period has expired, the vehicle manager 29 samples the value can also be hardwired into the computer system 31a 

:j current location values of the vehicle 17 and tbe time value 50 with switches that can be manipulated by a human operator 

i\ of the clock 38a. In other words, the vehicle manager 29 in order to selectively change the value. Many other meth- 

\\ determines the current location values of the vehicle 17 and odologies known in the art may be used for selecting the 

\\ the current time value from the dock 38a and stores these value of the alarm threshold value. 

\\ values in the next entry of the vehicle schedule 39a, as It should be noted that in other embodiments, it may be 

\\ depicted by blocks 78 and 79. This process repeats until the 55 desirable for the vehicle manager 29 to generate an alarm 

\ vehicle manager 29 determines that the vehicle 17 has signal based on comparisons of the location of vehicle 17 to 

completed the route. Thereafter, the vehicle manager 29 can a predefined geographical region instead of the route defined 

use the vehicle schedule 39a to track the vehicle's progress in vehicle schedule 39a. For example, it may desirable to 

on future deliveries that utilize the route defined by the define a region that is 30 miles (or some other distance) from 

vehicle schedule 39a. 60 the start of the route (or some other particular location). 

Alarm System Then, the vehicle manager 29 can be configured to generate 

Preferably, the vehicle manager 29 is further configured to an alarm signal if the vehicle manager 29 determines that the 

compare the corresponding entry and the location values vehicle 17 is outside of this predefined region based on the 

supplied from the sensor 18 in order to determine whether an signals 27 received from sensor 18. Such a methodology for 

alarm signal should be generated. In this regard, the vehicle 65 generating an alarm signal is particularly suitable for appli- 

manager 29 preferably subtracts the location values in the cations where only local deliveries are expected, for 

corresponding entry from tbe current location values of the example. 
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There are various methodologies for determining whether Initially, the vehicle schedule 39a is stored in the vehicle 

the vehicle 17 is outside of the predefined region. For manager 29 and the base station schedule 39a is stored in the 

example, in one embodiment, the vehicle manger 29 sub- base station manager 41. In the preferred embodiment, the 

tracts the current location values determined from signals 27 vehicle schedule 39a was created and stored in the vehicle 

with the location values of a particular point (e.g., the 5 manager 29 as the vehicle 17 previously traveled along the 

location values of the start of the route, when the region is same route. A copy of the vehicle schedule 39a is preferably 

defined as any point within a certain distance of the start of transferred to the base station manager 41 via any suitable 

the route) to derive the deviation indicator. As in the methodology and stored as the base station schedule 39a. 

preferred embodiment, if the deviation indicator has a mag- For example, the vehicle schedule 39a can be copied to a 

nitude greater than the alarm threshold value, the vehicle 1Q magnetic disk and later downloaded in memory 30b or a 

manager 29 generates an alarm signal. Otherwise, no alarm copy of the vehicle schedule 39a can be transmitted to the 

signal is generated. base station manager 41 via communications devices 44 and 

Second Embodiment of the VCU 52. 

In a second embodiment of the present invention the Iq embodiments wnere me vehicle schedule 39a is not 

corresponding entry of the vehicle schedule 39a is defined previously created and stored by the vehicle manager 29, the 

as the entry having location values defining a location along « * ehide 39fl fa ferabl dawn i oaded mio both the 

the route that was most recently passed by the vehicle 17. base JtM&m er 41 and mc vehide Cf 29 It fa 

Therefore, the vehicle manager 29 monitors the signals 27 iQ &mt £ ad mc base 8tation Khedulc & 39a in the 

from the sensor 18 until the vehicle manager 29 determines f . 4 . A + j . . c *l l 

. , ... , , 6 . . - base station manager 41 and to transmit a copy of the base 

that the vehicle passed a location corresponding with one of . M . . , 7^ *~ ™u*„i~ ^0 ~~ , 

. , r t . , . , , , « n station schedule 39a to the vehicle manager 29 via commu- 

the entries in the vehicle schedule 39a. /Hie vehicle manager 20 ^ ^ ^ to ^ ^ rf ^ ^ 

29 determines whether the vehicle 17 * early or late via the M me thodology for respectively storing the vehicle sched- 

techmques described hereinabove using the aforementioned ^ 3^ and ^ b ^ 3^ ^ me vehicle 

entry as the corresponding ^entry. m f 29 ^ ^ base smiQQ ffl f 41 fa for 

After determining whether to generate an alarm signal ° rnf . ~ # . a 

, , #. . i- ✓ , the purposes 01 the present invention. 

and/or status message for the corresponding entry (and after Z5 , , . , ^ _ . . . , . . t ~ n 

«. , - , 1 * ,1 r*. *r When the vehicle 17 begins travel, the vehicle manager 29 

generating the alarm signal and/or the status message, if , t . 5* .. ! , t ,- 0 , Jf . 

necessary), the vehicle Manager 29 monitors the signals 27 f tores ^ valu * °* he ^ clodk f 38a ^ , be »™ 

again for the next corresponding entry. Therefore, when a 10 ? om,or 1 * c a T" n of t U T^ at lapses from k that P° mt 

corresponding entry is detected (i.e. ( when the vehicle J^J^^ ^ I Furthermon J» ^anbeseenby 

manager 29 determines that the vehicle 17 passed a location 3° b , 10 * » °f ™- 6 ' ^ v f h ' cle °"^ger 29 also transmits a 

corresponding with the location values in one of the entries * tart s ^f l to ' he ma °S« 41 ™ ~" m T C ?" 

of the vehicle schedule 39a for the first time), the vehicle ? ons <? d » ^caUng Uaat travel of the vehicle 

manager 29 analyzes the values of the sensor 18, the clock } 7 * beginning. In response the base station manager 41 

38a, and the corresponding entry to determine whether an begms to monitor the lapsed Ume as well, 

alarm signal and/or status message should be generated. * . lornanysituaaor^ it maybedesKabletobeginmomtor- 

Hereafter, the vehicle manager 29 waits until the next «W °? tbe v . eb ? le 17 » fter ' he veiad f. 17sta r* lts 

corresponding entry is detected before determining whether route ,; ^ 15 Particularly true when unpredictable delays 

to generate another status message. Therefore, the vehicle """"y ««" ,0 . <be stanng point of the route For 

manager 29 determines whether a status message should be « xam Pj e ' when *>» vehicle 17 k a school bus taking children 

communicated to the base station manager 41 each time the « borne from school unpredictable i delays may occur close to 

vehicle 17 passes a location corresponding with the location me starting pomt (i.e., at the school) where traffic is often 

values in one of the entries of the vehicle schedule 39a, and congested. Therefore, instead of transmitting a start signal to 

the vehicle manager 29 refrains from communicating status me base steUon manager 41 when the vehicle 17 begins 

messages asthe vehicle 17 travels between locations defined traveling, the vehicle manager 29 waits for a predetermined 

by the data in the vehicle schedule 39a. In other words, the « bmc P 6nod or ^ tbc wciuclc 17 has ^y 01 ^ a Predeter- 

only time the vehicle manager 28 transmits a status message mmed from me starUn g P° int before transmitting 

is when the vehicle 17 is passing a location corresponding me * tart "W" 1 For example, the vehicle manager 29 can 

with one of the entries in the vehicle schedule 39a or a short m011ltor ,he *™J» of vem cl e " fr° m the starting pomt 

time thereafter via sensor 18 and transmit the start signal once the 

However, since it is possible for the vehicle 17 not to pass 50 vehicle manager 29 determines that the vehicle has traveled 

any of the locations defined in the predefined schedule when oneneighth of a mile from the starting pomt. In this regard, 

the vehicle deviates from the route (e.g., when the vehicle 17 locatlon values ^presenting a predetermined pomt along the 

is stolen), the vehicle manager 29 preferably determines route of travel and °ne-eighth of a mile from the starting 

whether to communicate an alarm signal periodically rather Pomt can be stored in the vehicle manager 29. When the 

than waiting for one of the locations defined by the vehicle « vehicle manager 29 determines that the vehicle 17 passes 

manager 29 to be passed. mis P 010 ^ tbe vemcle mana g er 29 determines that the 

vehicle 29 has traveled more than one-eighth of a mile and 

Operation transmits the start signal. 

The preferred use and operation of the system 10 and Preferably, the predetermined schedules 39a and 39b both 

associated methodology are described hereafter. For illus- 60 use the point where the vehicle manager 29 transmits the 

trative purposes only, assume that the vehicle 17 is to travel start signal as the starting point for the route. Therefore, the 

a predetermined route to a destination where the vehicle 17 distances and times stored in the predetermined schedules 

is to pick up or deliver an item. For example, assume that the 39a and 39£> are relative to the predetermined location where 

vehicle 17 is a bus that is to travel to a bus stop to pick up vehicle manager 29 transmits the start signal instead of the 

a passenger and that this passenger is to receive a notifica- 65 actual starting point of the route. However, this is not a 

tion signal when the vehicle 17 is ten minutes from the bus necessary feature of the present invention, and the location 

stop. values and time values stored in the predetermined sched- 
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ules 39a and 396 may be relative to other points both along 
the route of travel and outside of the route of travel. 

As the vehicle 17 travels, GPS satellites 23 transmit 
wireless signals 21a-21c to sensor 18 that can be analyzed 
through techniques well known in the art to determine a 
position (i.e., current location values) of the sensor 18 (and, 
therefore, of the vehicle 17) relative to a particular reference 
point, as depicted by block 85 of FIG. 6. For example, in 
GPS systems, the intersection of the Equator and the Prime 
Meridian is typically used as the reference point. Sensor 18 
receives the signals 21o-21c and determines location values 
representing the position of the vehicle 17 relative to the 
reference point and transmits these values to vehicle man- 
ager 29. 

The vehicle manager 29 compares the current location 
values of the vehicle 17 with the location values in the 
vehicle schedule 39a in order to determine which entry in 
the vehicle schedule 39a corresponds with the current loca- 
tion of the vehicle 17, as shown by block 87 of FIG. 6. The 
corresponding entry is preferably the entry having location 
values that most closely match the current location values 
received from the sensor 18. 

After selecting the corresponding entry, the vehicle man- 
ager 29 retrieves the location values associated with the 
corresponding entry and subtracts these values from the 
current location values received from the sensor 18 and used 
by the vehicle manager 29 to select the corresponding entry. 
Referring to block 91 of FIG. 6, the resulting value or values 
(referred to as the deviation indicator) indicates the vehicle's 
deviation from the vehicle schedule 39a. As shown by block 
93 of FIG. 6, the vehicle manager 29 then compares the 
deviation indicator to the alarm threshold value. If the 
deviation indicator exceeds the alarm threshold value, then 
the vehicle manager 29 transmits an alarm message to the 
base station manager 41, as depicted by block 95 of FIG. 6. 
The alarm message includes the current location of the 
vehicle 18, and the base station manager 41 tracks the 
location of the vehicle 17 based on the alarm messages 
transmitted from the vehicle manager 29. The information 
provided by the alarm message can be used by law enforce- 
ment agencies to track the vehicle 18. 

After determining whether an alarm message should be 
generated, the vehicle manager 29 retrieves the time value 
associated with the corresponding entry and compares it 
with the time value indicated by clock 38a (i e., the time 
value indicating the amount of time elapsed since the start of 
the route). The vehicle manager 29 also retrieves a prede- 
termined threshold value indicating how much the vehicle 
17 can deviate from the vehicle predefined schedule 39a 
before the vehicle 17 is considered to be off schedule. 
Referring to block 97 of FIG. 6, if the difference of the 
foregoing time values exceeds the predetermined threshold 
value, then the vehicle manager 29 determines that the 
vehicle 17 is off schedule. However, if the difference of the 
foregoing time values is less than the predetermined thresh- 
old value, then the vehicle manager 29 determines that the 
vehicle 17 is on schedule. 

When the vehicle manager 29 determines that the vehicle 
17 is on schedule, the vehicle manager takes no further 
action regarding the current location values received from 
the sensor 18. The vehicle manager 29 merely receives a 
new set of location values from the sensor 18 and analyzes 
the new set of values according to the methodology 
described herein. However, when the vehicle manager 29 
determines that the vehicle 17 is off schedule, the vehicle 
manager 29 generates a status message and transmits the 
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status message to the base station manager 41, as depicted 
by block 99 of FIG. 6. 

In this regard, the vehicle manager 29 determines whether 
the vehicle 17 is early or late and how far the vehicle 17 is 

5 off schedule (e.g., how many minutes or miles the vehicle 17 
is from the location specified by the location values in the 
corresponding entry). The vehicle manager 29 then gener- 
ates a status message including this information and trans- 
mits the status message to the base station manager 41 via 

10 communications devices 44 and 52. 

In order to reduce the number of transmissions between 
the vehicle 17 and the base station control unit 40, the 
vehicle manager 29 preferably transmits the status message 
to the base station manager 41 only if another status message 

15 has not been transmitted within a predetermined delay 
period. For example, if a status message has been sent within 
the last five minutes, then the vehicle manager 29 refrains 
from sending another status message. It should be apparent 
to one skilled in the art that other delay periods can be 

20 selected to update the location of the vehicle 17 at a 
desirable rate. 

Furthermore, it is possible to selectively control the delay 
period. For example, when the vehicle 17 stops to make a 
delivery or is slowly traveling through congested areas, it 

25 may be desirable to increase the delay period to decrease the 
number of status messages sent to the base station manager 
41. Alternatively, when the vehicle 17 is traveling quickly 
and the location of the vehicle 17 is changing rapidly, it may 
be desirable to decrease the delay period. Furthermore, when 
the vehicle 17 enters an area where no immediate deliveries 
or pick ups are to made, there is no immediate need to 
monitor the vehicle 17 and the delay period can be 
increased. The delay periods can be predefined in memory 
30a, can be controlled by the operator of the vehicle 17, or 

35 can be controlled via signals transmitted from remote loca- 
tions to the vehicle manager 29 (e.g., from the base station 
manager 41 to the vehicle manager 29 via communications 
device 44). Other methodologies for controlling the delay 
periods are possible. 

Another way to reduce the number of transmissions of 
status messages at desired times is to selectively increase the 
predefined amount that the vehicle 17 should be off schedule 
before a status message is transmitted to the base station 

45 control manager 41. Similar to the changes in the delay 
periods described above, the changes to the aforementioned 
predefined amount can be predefined in memory 30a, can be 
controlled by the operator of the vehicle 17, or can be 
controlled via signals transmitted from remote locations to 

5Q the vehicle manager 29 (e.g., from base station manager 41 
to vehicle manager 29 via communications device 44). 

The input device 34a (FIG. 3) can be used to input 
changes in the delay period and/or in the predefined amount 
that the vehicle should be off schedule before a status 

S5 message is transmitted. In this regard, the input device 34a 
may include switches, buttons, a key pad, or any other 
device that can be manipulated by the operator of the vehicle 
17 to input the changes. 
When the base station manager 41 receives a status 

60 message, the base station manager 41 stores the status 
message in memory 30& If desired, the base station manager 
41 transmits a message to the user via communications 
devices 72 and 73 indicating that the vehicle 17 is off 
schedule and indicating how much the vehicle 17 is off 

65 schedule in response to the status message. 

The base station manager 41 periodically determines 
whether a notification message should be sent to the user 
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indicating that arrival of the vehicle 17 at the bus stop is 17 is on schedule. However, it should be apparent to one 

imminent (e.g., indicating that the vehicle 17 is ten minutes skilled in the art upon reading this disclosure that time 

from the bus stop). In this regard, the notification message values may be compared by the vehicle manager 29 to 

should be sent to the user when the vehicle 17 is within a determine the corresponding entry in the vehicle predefined 

predetermined proximity (i.e., a predetermined time or 5 schedule 39a. 

distance) from the bus stop. To determine whether the In this regard, the entry in the vehicle schedule 39a having 
notification message should be sent, the base station man- a time value most closely matching the lapsed time value 
ager 41 compares the location values of the current location indicated by the clock 38a (i.e., the value indicating the 
of the vehicle 17 to the location values of the predetermined amount of time lapsed since the start of the route) can be 
location (e.g., the bus stop). If the difference between the selected as the corresponding entry. As a result, the vehicle 
location values of the current location of the vehicle 17 and manager 29 determines how far the vehicle 17 is off sched- 
ule bus stop is greater than a threshold value, then the ule based on distance rather than time. For example, if the 
vehicle 17 is too far from the bus stop for notification to be difference between the current location values of the vehicle 
sent to the user. Therefore, a notification message is not 17 determined by the sensor 18) and the location values 
generated. However, if the difference between the location 1S associated with the corresponding entry is greater than a 
values of the current location of the vehicle 17 and the bus preaetermined threshold value, then the vehicle 17 is off 
stop is less than the threshold value, then a notification schedule. Otherwise, the vehicle 17 is on schedule, 
message is transmitted to the user via communications Furthermore, regardless of which embodiment is used to 
devices 72 and 73, unless a similar notification message (i.e., determine how far the vehide 17 is off schedule the vehicle 
a message indicating that the vehicle 17 is off schedule by , n m f^ r 29 ™ how far the vehic e 17 is off 
. & v * » j **t» l , / 20 schedule via the status message using either distance values, 
the same amount) associated with the bus stop has previ- ^ yal of ^ * of ^ m the ^ for 

ously been sent to the user. indicating the position of the vehicle 17. 

In determining the current location of the vehicle 17, the ft shouJd be QOted ^ ^ preferred embodiment of the 

base station manager 41 assumes that the vehicle 17 is on pres ent invention has been described hereinabove assuming 

schedule unless a recent status message has been received. 25 mat mc 18 is capable of determining the vehicle's 

Therefore, the vehicle manager 41 determines which entry in location based on signals received from satellites 23. 

the base station schedule 396 corresponds to the assumed However, this is not a necessary feature of the present 

location of the vehicle 17. In this regard, the vehicle man- invention, and any type of sensor 18 that may be used for 

ager 41 compares the time values in the base station sched- determining the vehicle's position along the route of travel 

ule 39b with a lapsed time value indicating how much time 30 is sufficient for the purposes of the present invention. For 

has lapsed since the vehicle 17 started the route. The entry example, the sensor 18 may be designed as an odometer that 

having a time value closest to this lapsed time value is the indicates how far the vehicle 17 travels. Therefore, the 

corresponding entry. The location values associated with the predetermined points along the route of travel used to 

corresponding entry represent the assumed location of the determine whether the vehicle 17 is on or off schedule can 

vehicle 17. Unless a recent status message has been 35 be defined in the schedules 39a and 39f> relative to their 

received, the base station manager 41 uses these location distance from the starting point of the route. In other words, 

values as the current location values to be compared against the location values stored in the schedules 39a and 39b 

the location values of the predetermined location (e.g., the correspond to distance values indicating how far the prede- 

bus stop) in order to determine whether a notification termined points are from the starting point of the route, 

message should be sent to the user. However, if a recent ^ Therefore, the vehicle manager 29 can determine how far the 

status message has been received, then the base station vehicle 29 is from any of the predetermined points by 

manager 41 determines the current location values of the determining how far the vehicle 17 has traveled from the 

vehicle 17 based on the recent status message and/or the starting point of the route. 

location values associated with the corresponding entry. In concluding the detailed description, it should be noted 

For example, if the recent status message includes loca- 45 that the terminology "preferred embodiment" herein means 

tion values indicating the actual location of the vehicle 17, the one embodiment currently believed by the inventors) to 

then the base station manager 41 uses these values to be the best embodiment of a plurality of possible embodi- 

compare with the coordinate values of the predetermined merits. Moreover, it will be obvious to those skilled in the art 

location (e.g., the bus stop). However, if the status message that many variations and modifications may be made to the 

only indicates how much the vehicle 17 is off schedule, then 50 preferred embodiment(s) without substantially departing 

the base station manager 41 calculates the current location from the principles of the present invention. All such varia- 

values of the vehicle 17 based on the status message and the tions and modifications are intended to be included herein 

location values associated with the corresponding entry in within the teachings of the present invention in this docu- 

the base station schedule 39b. ment and to be protected by the scope of the following 

Once the current location values of the vehicle 17 have 55 claims, 

been determined, the base station manager 41 compares the What is claimed is: 

current location values of the vehicle 17 with the location 1. A vehicle apparatus for use in connection with an 

values of the predetermined location (e.g., the bus stop) as advance notification system, the advance notification system 

previously described hereinabove to determine whether a for providing notice to a party of an impending arrival of a 

notification signal should be transmitted to the user. 60 mobile vehicle at a stop along a route to enable delivery 

The operation of the preferred embodiment of the present and/or pickup of an item at the stop, the apparatus compris- 

invention has been described hereinabove in the context m S : 

where the vehicle manager 29 compares location values to (a) a sensor configured to determine a current location 

determine the corresponding entry in the vehicle predefined value indicating a current location of said mobile 

schedule 39a. Therefore, the vehicle manager 29 compares 65 vehicle; 

the time value associated with the corresponding entry in the (b) a storage device configured to store predetermined 

vehicle schedule 39a to determine whether or not the vehicle location values corresponding with locations along said 
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route, said predetermined location values respectively 
associated with corresponding time values; 

(c) a communications device configured to communicate 
with a remote computer associated with said advance 
notification system; 

(d) a processor on said vehicle and electrically connected 
to said sensor, said storage device, and said communi- 
cations device, said processor being programmed to 
perform the following steps: 

(1) associating a current time and one of said prede- 
termined location values with said current location of 
said mobile vehicle; 

(2) comparing said current time with one of said time 
values that corresponds with said one of said location 
values; 

(3) determining whether said vehicle is off schedule 
based upon said one of said location values, said one 
of said time values, said current location value, and 
said current time; and 

(4) when said vehicle is off schedule by at least a 
predefined amount, causing said communications 
device to communicate to the remote computer asso- 
ciated with the advance notification system an indi- 
cation that said vehicle is off schedule by a specified 
time period and/or a specified distance, thus enabling 
said remote computer to change when said party is 
contacted by the advance notification system. 

2. The apparatus of claim 1, wherein said processor is 
further programmed to perform the step of: 

(5) transmitting a start signal to the remote computer 
associated with the advance notification system in 
response to a determination that said mobile vehicle is 
a predetermined distance from a particular location. 

3. The apparatus of clam 1, wherein said sensor is further 
configured to receive positioning signals from a plurality of 
satellites. 

4. The apparatus of claim 1, wherein said processor is 
further programmed to perform the step of: 

(5) creating a vehicle schedule by performing the follow- 
ing steps while said mobile vehicle travels along said 
route: 

(i) determining said one location value based on said 
sensor, 

(ii) storing said one location value in said storage 
device, said one location value indicative of a loca- 
tion of said vehicle during said determining step; 

(iii) associating said one time value with said one 
location value; and 

(iv) storing said one time value in said storage device. 

5. The apparatus of claim 1, wherein step (dX3) includes 
the step of: 

comparing said current location value and/or said current 
time with said one of said predetermined location 
values and/or said one of said time values to determine 
to what extent, if any, said vehicle is off schedule. 

6. The apparatus of claim 1, wherein said processor is 
further programmed to perform the steps of: 

(5) determining whether said communications device has 
transmitted another indication to the remote computer 
within a predefined time period; and 

(6) defining, based on said determining step (5), said 
indication that is communicated to said remote com- 
puter via said causing step (4). 

7. The apparatus of claim 6, wherein said processor is 
further configured to perform the step of: 

(7) changing said predefined time period while said 
mobile vehicle travels along said route. 
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8. The apparatus of claim 1, further comprising: 

(e) a telephone interface electrically connected to said 
remote computer; and 

(f) a remote processor associated with said remote 
computer, said remote processor programmed to cause 
said telephone interface to make a telephone call to said 
party in response to a determination by said remote 
processor, based on said indication, that said mobile 
vehicle is at a predefined proximity from said stop. 

9. The apparatus of claim 8, wherein said communications 
device is configured to communicate either over a voice 
channel or a control channel, depending upon an instruction 
received by said remote computer, to communicate said 
indication. 

10. The apparatus of claim 9, wherein said control channel 
uses a feature request function signal. 

11. The apparatus of claim 9, wherein said control channel 
uses a mobile identification number (MIN) signal. 

12. The apparatus of claim 9, wherein said control channel 
uses an electronic serial number (ESN) signal. 

13. The apparatus of claim 1, wherein said processor is 
further programmed to perform the following steps: 

(5) determining when said vehicle starts said route after 
said vehicle schedule is created; and 

(6) waiting a predefined time period and then contacting 
said remote computer to advise said remote computer 
that said vehicle is now moving. 

14. The apparatus of claim 1, further comprising a means 
for enabling said predefined amount to be selected by human 
interaction directly with said apparatus on said vehicle. 

15. The apparatus of claim 1, wherein said communica- 
tions device transmits cellular signals. 

16. The apparatus of claim 1, wherein said processor is 
further programmed to perform the following steps: 

(5) monitoring any deviation of said vehicle from said 
route; and 

(6) notifying said remote computer of said deviation when 
said deviation is greater than a predefined distance. 

17. The apparatus of claim 16, further comprising means 
for enabling said predefined distance to be selected. 

18. The apparatus of claim 1, wherein said storage device 
includes values defining a geographical region and said 
processor is further programmed to perform the following 
steps: 

(5) determining whether said vehicle is outside of said 
geographical region based on said current location 
value; and 

(6) transmitting an alarm signal in response to a determi- 
nation that said vehicle is outside of said geographical 
region. 

19. The system of claim 1, further comprising: 

(e) a remote processor associated with said remote 
computer, said remote processor programmed to 
determine, based on said indication, when said mobile 
vehicle is within a predefined proximity of said stop, 
said remote processor further programmed to initiate a 
notification message to said party when said remote 
processor determines that said mobile vehicle is within 
said predefined proximity. 

20. A vehicle apparatus for use on a vehicle in connection 
with a vehicle tracking system, the apparatus comprising: 

a sensor configured to determine a current location value 
of said vehicle, said current location value indicating a 
current location of said vehicle; 

a storage device configured to store a plurality of entries, 
each entry having a predetermined location value cor- 



01/08/2004, EAST Version: 1.4.1 



US 6,363,323 Bl 



23 



24 



10 



responding with a respective location along said route 
and said each entry also having a predetermined time 
value associated with said predetermined location 
value; 

a clock device having a current time value; 5 
a communicator configured to communicate wireless sig- 
nals; and 

a processor configured to select one of said plurality of 
entries and to determine whether said vehicle is off 
schedule based on said one of said entries, said current 
location value, and said current time value, said pro- 
cessor further configured to transmit a wireless signal 
via said communicator in response to a determination 
that said vehicle is off schedule. 15 

21. The apparatus of claim 20, wherein said system 
includes a remote computer configured to receive said 
wireless signal and to determine that said mobile vehicle is 
off schedule in response to said wireless signal. 

22. The apparatus of claim 20, wherein said predeter- M 
mined location values are determined by said sensor as said 
vehicle travels along said route. 

23. The apparatus of claim 20, wherein said communica- 
tor is configured to communicate said wireless signal over a 
cellular voice channel or a cellular control channel. 25 

24. The apparatus of claim 20, wherein said processor is 
further configured to determine a deviation indicator indi- 
cating a distance said current location is from said route and 
to transmit an alarm signal via said communicator in 
response to a determination that said distance exceeds a 3Q 
threshold value. 

25. The apparatus of claim 20, wherein said processor is 
further configured to monitor any deviation of said vehicle 
from said route and to notify a remote computer of said 
deviation when said deviation is greater than a predefined 35 
distance. 

26. The apparatus of claim 20, wherein: 

said storage device includes values defining a geographi- 
cal region; and 

said processor is further configured to determine whether 40 
said vehicle is outside of said geographical region 
based on said current location value of said vehicle and 
to transmit an alarm signal in response to a determi- 
nation that said vehicle is outside of said geographical 
region. 45 

27. The apparatus of claim 20, wherein said current time 
value indicates an amount of time that has lapsed since said 
vehicle began said route. 

28. The apparatus of claim 20, wherein said processor is 
configured to select said one of said entries based on said 50 
current time value. 

29. The apparatus of claim 28, wherein said processor is 
configured to determine whether said vehicle is off schedule 
by comparing said current location value to said predeter- 
mined location value. 55 

30. The apparatus of claim 20, wherein said processor is 
configured to select said one of said entries based on said 
current location value. 



31. The apparatus of claim 30, wherein said processor is 
configured to determine whether said vehicle is off schedule 
by comparing said current time value to said predetermined 
time value. 

32. The system of claim 20, further comprising: 

a remote processor configured to determine, based on said 
wireless signal, when said vehicle is within a pre- 
defined proximity of a particular location, said remote 
processor further programmed to initiate a notification 
message in response to a determination, by said remote 
processor, that said vehicle is within said predefined 
proximity. 

33. A method for a vehicle apparatus that is used in 
connection with an advance notification system, the advance 
notification system for providing notice to a party of an 
impending arrival of a mobile vehicle at a stop along a route 
to enable delivery and/or pickup of an item at the stop, the 
apparatus comprising a satellite receiver for receiving posi- 
tioning signals, a storage device, a communications device, 
and a processor electrically connected to the foregoing, the 
method comprising the steps of; 

(a) storing a plurality of location values in said storage 
device, said plurality of location values corresponding 
with locations along said route; 

(b) storing a plurality of time values in said storage 
device, each of said plurality of time values corre- 
sponding respectively with said plurality of location 
values; 

(c) receiving said positioning signals; 

(d) associating a current time and one of said plurality of 
locations values with a current location of said vehicle; 

(e) comparing said current time with one of said time 
values corresponding with said one of said location 
values; 

(f) determining whether said vehicle is off schedule based 
upon said one of said location values, said one of said 
time values, said positioning signals, and said compar- 
ing step; and 

(g) when said vehicle is off schedule by at least a 
predefined amount, causing said communications 
device to communicate to the remote computer asso- 
ciated with the advance notification system an indica- 
tion that said vehicle is off schedule by a specified time 
period and/or a specified distance, thus enabling said 
remote computer to change when said party is con- 
tacted by the advance notification system. 

34. The system of claim 33, further comprising the steps 
of: 

determining, based on said indication communicated to 
the remote computer, when said mobile vehicle is 
within a predefined proximity of said stop; and 

initiating a notification message to said party in response 
to said step of determining when said mobile vehicle is 
within a predefined proximity of said stop. 
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